SUMMARY

Problem
As a part of the Vletnamization program, three types of job performand aids (JPA) were developed to support organizational (flight line) maintenance of ths UH-1H helicopter by personnel o f the Vietnamese Air Force (VNAF). These JPA Included fully procedurallzed JPA (FPJPA) for non-troubleshooting tasks called job guide manuals, FPJPA for troublesshooting tasks and troubleshooting JPA based on maintenance dependency charts (MDC). An evaluation of these JPA was conducted to guide the development and use of future JPA for the VNAF and the United States Air Force (USAF). During Initial tryout of the FPJPA for both troubleshooting and non-troubleshooting tasks, all of the technical errors were corrected In the FPJPA. When the controlled evaluation was started. It was discovered that the performance of novice, apprentice and experienced USAF maintenance personnel was no better with the FPJPA than with the conventional technical manuals, a result which was not anticipated based upon previously available data.
Approach
After extensive observation of several subjects' performance of tasks using the FPJPA, th'i author, the technical director of the evaluation, concluded that the FPJPA met all the format requirements of FPJPA specification. The printed instructions were in the proper step-by-step format, each step was writtei in the required standard language, and the step-byinstructions were supported by location pictorials. He hypothesized that ehe written directions and their accompanying pictorials did not contain all of the cues and directions necessary for novice and apprentice personnel to successfully perform the tasks. The directions for each task were analyzed in terms of the cue and response chains required to perform the task. The missing cues and directions for missing responses were added to the FPJPA. This process Is called the behavioral analysis of tasks (BAT) in this report. The BAT was applied to the FPJPA directions for the 11 tasks selected for evaluation.
Findings
After the FPJPA had been modified to include the additional cues and directions called for by the BAT, the performance of both the novice and apprentice greatly improved when using the FPJPA. For example, the apprentice personnel performed 95 p rcent of their assigned tasks. This was equivalent to the performance of the experienced personnel. The application of the BAT to many tasks produced an "unfolding" effect from pictorial to pictorial. It, also, identified many important, unplanned cues in the troubleshooting routines. Preceding page blank
FULLY PROCEDURALIZED JOB PERFORMANCE AIDS: GUIDANCE FOR PERFORMING BEHAVIORAL ANALYSES OF TASKS I. TASK IDENTIFICATION AND IN-DEPTH ANALYSES OF IDENTIFIED TASKS
The materials presented In this report were developed as a by-product of an evaluation of Job performance aids (JPA) produced for the UH-1H hellcopter. These materials are presented as a separate report because they contain an Important message which Is worthy of more widespread distribution than normally given such an evaluation report. The message, however, Is subtle. It Involves the "fine tuning" of the directions, both written and graphic, that are placed In fully procedurallzed Job performance aids (FPJPA). The message is that the step-by-step directions and accompanying graphics may be technically correct from the point of view of engineers, traditional technical writers, and experienced maintenance technicians and may meet all the restraints of simple standardized language normally attributed to the FPJPA technology, but still not contain all of the necessary cues and directions for a person who Is not completely familiar with the equipment being maintained. The report also describes a method for achieving this necessary "fine tuning." However, It is not Intended to provide sufficient guidance for a technical writer to become a behavioral analyst with adequate ability to achieve this "fine tuning." Most people will require a large amount of supervised practice to acquire the necessary skill for this "fine tuning" process.
A second motivation for this report was that the Air Force Human Resources Laboratory (AFHRL) draft specification and guidance documents do not provide for or guarantee this fine tuning.
The AFHRL specification and guidance documents referenced in this report are presented in a three vol>.,e report AFHRL-TR-71-53 (Folley et al., 1971a; 1971b; Joyce et al., 1971 ). There Is a more recent version of this three-volume report AFHRL-TR-73-53 (Joyce et al., 1973a (Joyce et al., , 1973b (Joyce et al., , 1973c . (The earlier documents are referenced here, since the structure and names of subpreduces of those documents match those used in this report.) Both AFIIRL-TR-71-53 and AFHRL-TR-73-43 represent Amerlcanizations of the Vietnamlzatlon Specification MIL-J-83302 and its guidance documents (Applied Science Associates, 1970 , 1971a , 1971b . The products called for by these documents require two levels of analysis: (1) task identification or Job analysis, and (2) the analysis of each identified task. Many people think that they have completed a task analysis when all they have completed is the task identification (Foley, 1973) . The task identification matrix (TIM) found In AFHRL-TR-71-53 (I) provides a structure for this necessary task identification step. The analysis of tasks Identified by the TIM is called for in the development of The Task Description [ndex and Management Matrix (TDIMM) .
This TDIHM requires the consideration of many necessary Items of analysis. Column K of this TDIMM requires a listing of the task steps. But In the opinion of the author, neither the specification nor the guidance documents gives sufficient consideration as to how these task steps are to be optimized for maximum effectiveness. The tssk steps, listed in column K, could come from several sources such as an "arm chair" development by a technical writer, an Interview with an experienced maintenance technician, or an already published technical order or manual. Any of these source» would fulfill the requirement of the specification. However, some people who have developed FPJPA are convinced that such task steps and accompanying graphics should be given a "hands on" tryout on actual equipment before they are finalized In the TDIMM. One contractor has called this process a "hands on" task analysis. The suthor proposes a more highly refined "hands on" analysis than Is normally given task steps; as analysis, that would surface most of the Important environmental cues that would normally be missed by a conventional "hands on" analysis, cues that are necessary for highly effective 7PJPA. He has called this type of "hands on" analysis, behavioral analysis of tasks (BAT). The list of task steps required In column K is the first step or starting point for the BAT.
II. TDIMM: THE STARTING POINT AND SUMMARY END POINT FOR THE BEHAVIORAL ANALYSES OF TASKS
The TDIMM is a management document which represents the contractor project manager's current status on all identified tasks that fall under this responsibility. The manager will use it as a tool for monitoring the results of the BAT. It serves as the criterion of input and output conditions for each task.
The steps in the BAT are not recorded in the TDIMM, but the specification for column "K" does apply to the BAT that is performed in accomplishing the objective set out in column "K." As each task is subjected to a BAT, the TDIMM should be corrected to correspond to requirements Identified during the BAT. The accomplishment of the BAT may uncover the need for correction to the data entries in other columns for that task. For Instance, as the detailed steps are Identified and documented. It may be found that more or fewer personnel are required to accomplish the tssk. If the manager finde this number to be valid, it is then changed In columns Fl, F2, and K6 of the TDIMM. Also, it may be found that certain special tools are required that were not entered in column "D" of the TDIMM; likewise with notes and cautions for column "H," etc.
The TDIMM should be prepared by managers and senior personnel. It requires a broad knowledge of documentation and authoritative sources, which managers and more experienced personnel are more likely to know about. The manager must take direct responsibility for initially setting conditions, as well as for changing them when they are found to be Incorrect. The manager will change any column entry in the TDIMM when he det~rmines that an exception, called to,his attention by a task analyst:who is performing a BAT, ia valid, He. may have to consult other· authoritative sources to make these determinations. The TDIMH is then official in its updated form which incorporates the results of the BAT. (Throughout the discussion that follows the author haa assumed that the intended users of the FPJPA wi:l have hau little or no previous hands-on training, This was the assumption made in the first set of FPJPA guidance documents (AFHRL-TR-71-53). The later AFHRL-TR-73-It3 provides for consideration of the training/FPJPA trade-of!. This is sometimes called the head/book trade-off. In some cases, snch consideration may reduce the number of cues required in the FPJPA. However, the BAT requirement still exists to insure that the FPJPA contains all of the necessary cues for the described intended users.) The next general response which the maintenance man is going to make is to "open the access panel." But the analyst first must think of the cue that cAn initiate that response. He finds that there is no overall cue for that response, What 'the maintenance man sees is an access panel. What· should be highlighted as the riext cue for him to respor:.J to? The screws holding the panel inplace are.the answer. What is the response to these screws? He should pickup a screwc":'iver and turn themone-half turn countetwise. This should go in the RESPONSE column on the same row with the highlighted screws. , . . Now the analyst asks if . the. maintenance man can open the panel. He finds that there is a' handle which .must be turned. This is the next CUE entry to highlight on the panel, and the response is to grasp the handle and lift up. (The response might be to pull to the left or something else, depending on the mechanics of the panel.) If the response is anything but the simplest action, an additional cue must be.-sought by the analyst and recorded. The cue column must have sufficient detail for an artist or photographer to prod.uce a picture which the maintenance man can compare to the real equipment .and identify. This series of cue The process of analyzing in cue and response terms in the BAT tends to keep the analyst at a specific level of detail. In the process of asking himself what the cue for a response is, he forces himself to specify very specific elements, and this, in turn, helps him to break down some responses which he might initially have wanted to enter on the form.
III. WHAT THE ANALYST DOES IN MAKING
4.
Subdivisions of CUli:. It was said previously that the primary information in BAT is "CUE," and ""RESF';NSE." The CUE specification also contains a "context" and "focus." These always change after the accomplishment of a response step. The completion of each response always sets up a new "cue" situation which keys the next response. When the task analyst identifies the cues and responses in a BAT he must insure that this information is adequately prepared In graphic and written form to communicate Co the maintenance man on the Job. Therefore he must have direct contact with the graphics specialists who prepare the graphic information. The task analyst must "sign for" the graphic information which supports each step of the tasks for which he Is performing the BAT. When he signs the graphics documentation, he is certifying that the information In the graphic plus the Information In his narrative satisfy both the cue (view and focus) and response Information he has determined to be essential in his BAT. The reference to this graphic Information Is recorded In the manager's TDIMM.
Every step in the narrative (column K2) must have the cue and response information Identified for that step in the BAT. Some of this information is in the pictorial that goes along with this narrative description. For Instance, the .larrative would say "remove five bolts from the base of the carburetor." The cue information for the location of those five bolts will be on the pictorial diagram. Each of the five bolts must have the number of the step which refers to the bolts. This Is cue Identification. If, during the BAT, the analyst has noted that one or more of the bolts are relatively Inaccessible, he will have called for a "context" and "focus" pictorial which provides sufficient cue Information to the maintenance man for finding the bolts.
9. Treating Consequences of Actions. Further, if the analyst has found in the BAT that accomplishment of the action Is removing the bolts can or will lead to further consequences, this information must precede the removal step. For instance, if the carburator can, or will, fall out of position on removal of the bolts fastening It, this information must precede the step describing removal of the bolts. Other consequences would Involve spring loaded components, or fasteners, which "fly apart" when unfastened, gear trains that come uncoupled with the removal of an integral element, lower halves of components that fall in the dirt on removal of a bolt on the top half of the component, etc.
Such consequences are treated in one of two ways: (1) a previous note, or (2) a previous step which informs the maintenance man of the cue and response action he must take before completing the next step. For instance, the preceding step might be, "Place hand underneath fuel filter, before finishing the next step, to prevent it from falling when unfastened." If the consequences are more serious, a note such as the following should be needed. NOTE: If bolt X is dropped after removal, it will fall in the magnetron casing ana require two hours to retrieve. Whenever a visual cue can be used in place of some other kinds, like auditory, it should be given serious consideration. Visual cues are more easily defined. But often special test equipment is needed to translate something a man cannot see Into something he can see. This will Involve Judgement. The analyst must bring the subject up for decision when he finds a cue that cannot be quantitatively communicated, to see If special equipment can be utilized. Though the decision Is not his, he Is the one who knows a problem exists, and It Is up to him to bring It up to the manager for discussion and decision.
IV. RECURRING OR COMMON SUBTASKS OR SUBROUTINEF
Recurring Items of Special Equipment
When BAT Is made. It Is generally found that certain steps; e.g., unbuttoning access doors, using torque wrenches, setting up test Instruments, recur as steps in performing various tasks. BAT will Identify such recurrences, but whether the steps Involving any one of these recurring items should be Included as part of each task analyzed is not answered by the BAT analyst. The decision to treat these recurring Items "off line" is an administrative one. The analyst only Identifies these recurring situations for his manager and seek decisions on them. The manager should make many of these decisions very early.
But some administrative decisions hould be made by the manager in advance of behavioral maintenance task analysis. Then all analysts must be informed regarding which items have been selected for treatment off line and they must have the correct reference cod» for them so that they can call them out when they occur in the tasks they are responsible for analyzing.
Examples of Items which would commonly be declared as "off line" an^. given a reference number are screwdrivers, diagonals and other small handtools. A torque wrench would often be put in this category as would voltmeters, ohmmeters, pressure guages, and other small test instruments.
Some decisions of this kind may be made only after all tasks are analyzed. In this case, analysts must record each step Involving those Items each time they occur in tasks. It should be noted that an item such as an oscilloscope may recur in numerous tasks but may be used in different ways In each. Even if a decision is made to treat this Instrument "off line" the settings and other specifics of Its application should be recorded tu the task where It oc.urs.
The analyst uses the TDIMM form to inform his manager of recurring Items. By scanning the TDIMM forms from all analysts under his direction the manager can identify common items across analysts.
Other Recurring Task Elements
In addition to the recurring Items of special equipment which are common to several tasks, there are steps or series of steps that are common to several tasks. For Instance, the carburetor may have to be removed for the task of servicing the oil filter and for removing a fuel pump. In this case, the steps for removing the carburetor ar« Identical for both of the tasks. It Is Inefficient for each analysis to analyze this subroutine of carburetor removal each time It occurs In a task. It Is also Inefficient to have the graphics prepared for this subroutine over and over again.
The Access Tree. Therefore, It Is necessary to create a "data bank" of such subroutines so that analysts can "draw" on them as needed. This Is accomplished through the development of an access tree (AT). The AT Is construct«! by starting at the first level of each exterior access or Inspection provision on the aircraft. Each access Item would then branch to the next level of access or Inspection panels. This would continue at the lowest level of access required for organizational (flight line) maintenance. At each node In the AT there would be a key to the following:
1. The explicit Instructions to gain (I.e., remove five (5) Phillips head screws and swing hinged panel upward).
The graphic Illustration depleting the access provision.
3. A list of end items that can be acted upon at that point, (serviced, inspected, removed, adjusted, etc.).
The end item could then be cross-referenced on the TDIMM at the AT node. This would permit the analyst to have available the necessary action steps in a subroutine required for access to the terminal object of a task along with the required graphics. This also Insures standardization of graphics and prevents duplication of effort.
The manager of the BAT effort will make the decisions on the management of the AT. He must specify how many subroutines will constitute the "initial stock" of the AT. (Subroutines for opening each access door would be an obvious minimum.) Removal of fairings for access to the drive shaft should also be Included in the initial stock. If the manager has sufficient familiarity with maintenance and access he could conceivably Identify the entire "initial stock" of ubroutlnes. This would represent maximum efficiency, but this Is not necessary so long as the manager provides for continuous stocking of the AT as analysts generate access subroutines.
It should be noted that the cues and responses for all access steps will focus on the fastenings of items that must be removed to gain access to what Is behind them. That is, in all cases of access the focus of the cues is the fastenings and the responses will Involve unfastening them. But the context will also be extremely Important, especially when the Item to be removed or its fastenings are In a relatively Inaccessible location. The combination of graphics and words used to describe these situations mist be sufficient descriptions for the maintenance man.
The Index to AT Is the obvious one of physical access. Before starting the BAT for any task, the analyst must first check the AT to find how much has already been accomplished that he can use. He then references these subroutines as part of his task and proceeds with the unique, or previously unaccomplished, aspects of his BAT. Any access steps that he analyses are then sent to the manager for Inclusion In the AT stock. FPJPA of reasonable quality will probably be developed with less rigorous "hand on" analyses of tasks than the behavioral analyses of tasks (BAT) proposed In this report, provided the FPJPA so developed are followed by a "cut and try" process of Improvement. But BAT, such as described In this report, will be required for the consistent production of optimumly effective FPJPA. The accomplishment of a BAT requires highly skilled and tedious work on the part of each task analyst and its use will probably be viewed by some as too expensive. But the author's experience indicates that its timely use in the FPJPA development cycle will help produce a quality product at a minimum cost. Joyce, K.P., Chenzott, A.?,, Mulligan, J.F., & Mallory, The analyst looks at the graphic and steps of instruction for removal.
V. SUMMARY
Step a. Look at electrlca? connector and potentiometer. The context and focus appear adequate and the verb "disconnect" is on the verb list. The analyst should satisfy himself that no special response such as pinching the connector or giving it a half twist are required. This being done, the step is acceptable as written.
Step b. The analyst notes that three actions are included in one step. He decides that the three bolts and three washers come out together and should be kept together in one step. But he makes the removal of the retaining ring a separate step. He checks to determine that the retaining ring does not require a special response to remove and finding that it just lifts off, he uses the accepted verb "lift" to describe the action in this step.
The analyst also notes that three bolts are referred to in the original documentation. On looking for the cue for this on the graphic he sees only one bolt. The holes for two other bolts are shown but the TA asks graphics to put in the other bolts with the appropriate key (2 in this case).
Step c. The TA sees that a spring pin is Involved in this step. This may mean that there are consequences of this step such as a pin popping out and getting lost The TA explores this possibility and finds that this is not the case, but someone indicates that a spring pin does require a special tool. The TA runs down this possibility and checking the equipment finds that no special tool is required. But he does find that when the spring pin is removed a gear (6)is released and comes out of the potentiometer (7). He asks an experienced technician about this and finds that this should be accomplished with the potentiometer in a vice. Therefore, he separates this response from the other responses in step (c) and 'consults with his manager on the possible use of a vice.
He has also found that lifting the potentlomiiter (7) from the power unit housing Is likely to lift parts (8), (9), and (10) which will subsequently fall off because they are only held together with grease. Therefore, the TA puts the action of catching parts (8), (9) and (10) b. Remove three bolis (2), washers (3) and retaining rin.; (4) from potentiometer (7).
c. Ilemove potentiometer (7) with spring p.n (5) and gear (C) attached, packing (8), retainer (0), and gasket (10) from power umt housing.
d. Remove spring pin (5) and gear (C) from potentiometer (7).
e. Remove potentiometer (7) a. Remove tying ta|x; and silicone rubber t.ipe. b. Disconnect electrical connector (1) from potentiometer (7).
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c. Remove three bolts (2), washers (3), ,.. , taining ring (4) from potentiometer (7).
d. Remove potentiometer (7) b. Install gasket (10), retaining ring (9), packing (8) and potentiometer (7) on power unit housing.
I CAUTION 5
Do not exceed 20 inch-pounds torque when tightening retaining bolts (2). Excess torque will cause bosses on potentiometer gearboNes to crack. c. Place retaining ring (4) on potentiometer (7) and install on power unit housing with three bolts (2) and washers (3). Torque bolts to 20 inch-pounds. (Quality Assurance)
Note
Potentiometer gearboxes tliat are cracked in area of retaining bolt bosses are serviceable if not more than one of the three bosses is cracked and boss will resist a 20 inch-pound torque.
d. Connect electrical connector (1) to potentiometer (7).
e. Perform system 1 igging. Refer to Paragraph 3-llb. 
I CAUTION i
Do not exceed 20 inch-pounds torque when tightening retaining bolts (2). Excess torque will cause bosses on potentiometer gearboxes to crack. In the Engine Oil Filter task the answer is that the next step required is to remove the bolt from the bottom of the oil filter housing.
Removing this bolt will allow the filter to be removed from the housing.
When he then applies the "context-view" and "focus" questions, this time to the filter housing, he determines that the context view should be the housing with all oil lines attached. The angle of the housing should be such as to show the focus of the next step-the bolt on the underside of the housing.
